In this study, a new category of sulfone-modified chitosan derivatives as surface-selective adsorbents for the extraction of toxic Hg(II) metal has been synthesized in good yield. Sulfone-modified chitosan/5-20 based on variable loading of the corresponding phenacyl bromide (5, 10, 15, and 20% with respect to the original weight of the pure chitosan) was synthesized. The b-ketosulfone derivative, namely 1-(4-bromophenyl)-2-(phenylsulfonyl)ethanone, was first prepared by treatment of the corresponding phenacyl bromide with a sufficient amount of sodium benzene sulfinate; its chemical structure was confirmed by spectral analyses, including Fourier transform infrared spectroscopy, 1 H-NMR, 13 C-NMR, and mass spectrometry. Then, sulfone-modified chitosan/5-20 derivatives were synthesized by the interaction of chitosan with a freshly prepared p-bromo-b-ketosulfone derivative in a mildly acidic aqueous solution using the solution-blending technique. Sulfone-modified chitosan/5-20 derivatives were identified and characterized using common characterization techniques, including Fourier transform infrared spectroscopy, fieldemission scanning electron microscope, powder X-ray diffraction, and thermal behaviour. A strong interaction was displayed between chitosan and its corresponding b-ketosulfones in powder X-ray diffraction, which was confirmed by significant 2h shifts. Sulfone-modified chitosan/ 5-20 derivatives were detected as catalysts, which efficiently increased the thermal decomposition of pure chitosan. More particularly, the efficiency of sulfone-modified chitosan/5-20 derivatives for Hg(II), Pb(II), Ni(II), Al(III), Sr(II), Cr(III), Fe(III), Zn(II), and Mn(II) detection and adsorption was also investigated using inductively coupled plasma optical emission spectrometry. The sulfone-modified chitosan/5 derivative exhibited the highest adsorption efficiency. The most effective quantitative adsorption onto the sulfone-modified chitosan/5 surface was detected at pH ¼ 2. In addition to that, the adsorption isotherm showed that the adsorption capacity of sulfone-modified chitosan/5 for Hg(II) was 122.47 mg g À1 and that its adsorption isotherm was in agreement with the Langmuir adsorption isotherm.
Introduction
Heavy metals have attracted particular interest within the framework of environmental studies. Industrial production, life cycle assessment, food pollution, and extraction of the highest amounts of heavy metals from surface and ground water are the most interesting topics for many researchers. Toxic elements in soil and transfer into crops are of great concern owing to the probability of toxic element introduction into the food chain and the influence of essential elements. Anthropogenic activities are considered as one of the most common sources of heavy metals in the environment, as are domestic activities (Ene et al., 2009 ). This toxic heavy metal contamination may affect the entire universe and all of humankind. The bioavailability of toxic metals causes the presence of metal ion speciation in the soil. Mercury (Hg) is one of the most hazardous metals that can be found worldwide and its toxic nature has been explored. The elimination of mercury ions from water and wastewater is essential. Therefore, the appropriate methods to control and determine mercury ions are important. However, direct evaluations of metal ions using different systematic methods (such as chemical precipitation, coagulation, ion exchange, flocculation, adsorption, etc.) are not sufficient due to high concentrations and the interfering matrix components (Babel and Kurniawan, 2003; Bailey et al., 1999) . Thus, an effective separation procedure is required before metal ion determination for sensitive, accurate, and interference-free determination of metal ions. There are many treatment techniques for the separation of metal ions, including precipitation (Souza et al., 2011) , liquid-liquid extraction (Akinobu et al., 1997) , ion exchange (Hershey and Keliher, 1989) , cloud point extraction (Manzoori et al., 2007) , and solid-phase extraction (Ahmed, 2008; Montero Alvarez et al., 2007) . Among the various treatments, the adsorption technique is the most frequently used method. Solvent extraction has been used as an efficient method owing to effective extraction, selective separation, and economical costs (Biparva and Hadjmohammadi, 2011; Dave et al., 2010; Diniz and Volesky, 2005; Hang et al., 2002; Jain et al., 2001; Jankowski et al., 2005; Jelinek et al., 2007; Kim et al., 2006; Lemos et al., 2008; Liang et al., 2005; Marwani et al., 2012a Marwani et al., , 2012b Mashhadizadeh et al., 2008; Pasinli et al., 2005; Rauf et al., 1993; Zhang et al., 2007) . The use of adsorbents containing natural polymers has generated great interest, especially regarding polysaccharides such as chitin and its derivate, chitosan (Crini, 2005; Kurita, 2006; Varma et al., 2004) . It is well known that the most abundant natural biopolymer is cellulose; the second is chitin, which can be found in the shells of crustaceans, skeletons of molluscs, and in the cell walls of some fungi (Gooday, 1990; Zhang et al., 2000) . Chitin exists in nature as crystalline microfibrils. Depending on its source, three different crystalline polymorphic forms of chitin have been explored (Jang et al., 2004) . Chitosan is a copolymer that is composed of (1!4) linkages of 2-amino-2-deoxy-D-glucopyranose units. Chitosan is found naturally in some fungal cell walls (Jayakumar et al., 2005; Synowiecki and Al-Khateeb, 2003) . Chitosan has been widely used in several biological and medical applications (Brine et al., 1992; Colwell et al., 1985; Dutta et al., 2002; Kawamura et al., 1993; Muzzarelli, 1973) . Scientists have been working on different methods to modify chitosan through physical or chemical methods to enhance its adsorption capacity (Guibal, 2004; Jeon and H€ oll, 2003; Matsumura et al., 1998) . Cross-linking with glutaraldehyde or epi-chlorohydrin is an example of chitosan chemical modification. Another chemical modification of chitosan derivatives can be obtained through functional group grafting onto the backbone of chitosan. Functional groups can affect different factors such as increasing the density of sorption sites, changing the pH range for metal sorption, and modifying the sorption sites in order to increase sorption selectivity for the metal (Donia et al., 2008; Elwakeel and Guibal, 2015; Kurita, 2006) . The chemical methods of modification provide a wide range of derivatives with new properties, which can be applied in pharmaceutical and biomedical settings (Mourya and Inamdar, 2008) . On the other hand, the important factor that explains why we should study the adsorption behaviour of chitosan in aqueous acid solutions is based on the presence of acetic acid as an acidic media. Acetic acid is predominantly used as a stimulator in the waste removal process, in which the pH of the dye solution is normally adjusted to 3-4. However, chitosan formed gels below pH 5.5 and could not be determined. The acid streaming could severely limit the use of chitosan as an adsorbent in removing dyes, metal ions, and other waste materials due to the dissolution tendency of chitosan in the acid effluent. Therefore, it is preferable to study the prepared sulfone-modified chitosan (SMC)/5-20 derivatives as surface adsorbents, which will be discussed in this work. Thus, b-ketosulfone derivatives (SMC) will be prepared from the reaction of chitosan with phenacyl bromide and sodium benzene sulfinate. Furthermore, the analytical potential of newly synthesized SMC towards a selective extraction of various metal ions, especially Hg(II), will be explored. Additionally, factors such as pH and the concentrations of metals that affect the selectivity and adsorption of SMC will be evaluated.
Experiment

Chemicals and reagents
Chitosan (degree of deacetylation > 75% and molecular weight of 800-2000) was purchased from Sigma Aldrich (Germany). 4-bromo-4-bromoacetophenone was also purchased from Sigma Aldrich. Sodium benzene sulfinate was purchased from PDH. All other chemicals and reagents were purchased from Duksan Chemical Co., Ltd (Ansan, Korea). Sulfone derivatives were prepared according to the reported literature procedures (Curti et al., 2007) .
Preparation of the new solid-phase extractor
Preparation of b-ketosulfone. A mixture of sodium benzene sulfinate (2 mmol) and an ethanolic solution of 4-bromo-4-bromoacetophenone (2 mmol) was refluxed for 6 h. After cooling, the reaction mixture was treated with water, and the solid product was washed with water and recrystallized from the appropriate solvent. Yield (90%); m.p. 143 C. The elemental and spectral characteristic data of 1-(4-bromophenyl)-2-(phenylsulfonyl)ethanone are shown in Table 1 .
Preparation of SMC/5-20 derivatives. SMC/5-20 derivatives were prepared as follows: 1 g powdered chitosan was first dissolved in a mixture of water:acetic acid (9:1). Different weight percentages of p-bromo-b-ketosulfone (5, 10, 15, and 20%) were then added to the previous solution with constant stirring until the complete disappearance of the starting material (monitored by thin layer chromatography). The reaction was found to be completed within 1 h of each phase. Then, the solvent was evaporated, and the residual phase was dried and analysed. Depending on the sulfone content, the samples were coded as SMC/5, SMC/10, SMC/15, and SMC/20 derivatives, which represent 5, 10, 15, and 20%, respectively.
Adsorption method procedure
All stock standard solutions of Hg(II), Pb(II), Ni(II), Al(III), Sr(II), Cr(III), Fe(III), Zn(II), and Mn(II) were prepared in 18.2 million ohm cm (MX cm) distilled deionized water and stored in the dark at 4 C. This value (18.2 MX cm) represents the resistivity of deionized water. For the selectivity study, standard solutions of 2 mg l À1 of Hg(II) (or other metal ions) were prepared and individually mixed with 20 mg SMC phases. In addition, standard solutions of 2 mg l À1 Hg(II) ion were prepared and adjusted to pH values ranging from 1.0 to 11.0 with appropriate buffer solutions. All standard solutions were individually mixed with 20 mg SMC/5 derivative in order to study the effect of pH on the selectivity of SMC/5 derivative adsorption towards Hg(II). All mixtures were mechanically shaken for 1 h at 150 r min À1 at room temperature. For the study of the adsorption capacity of Hg(II) under batch conditions, standard solutions of 1, 5, 10, 15, 20, 25, 30, 50, 75, 100, 120 , 150 mg l
À1
Hg(II) were prepared as above, adjusted to the optimum pH value of 2.0, and individually mixed with 20 mg SMC/5 derivative. 
Instrumentation
All melting points were measured on a Gallenkamp melting point apparatus. The infrared spectra were recorded on Pye Unicam SP 3-300 and Shimadzu FT-IR 8101 PC infrared spectrophotometers using the KBr disk technique over the wavenumber range 4000-400 cm
À1
. The NMR spectra were measured on a Varian Mercury VXR-400 NMR spectrometer ( 1 H-NMR (400 MHz) and 13 C-NMR (75.46 MHz)) and Bruker-500 NMR spectrometer ( 1 H-NMR (500 MHz) and 13 C-NMR (125.77 MHz)) in deuterated chloroform (CDCl 3 ). Chemical shifts were related to that of the solvent. Mass spectra were recorded on a Shimadzu GCMS-QP1000 EX mass spectrometer at 70 eV. A pH meter (InoLabpH 7200, IL, USA) was employed for the pH measurements with absolute accuracy limits of pH measurements being defined by NIST buffers. XRD patterns were performed for the nanoparticles and composites in the 2h range from 10 to 80 using a Bruker diffractometer (Bruker D8 advance target). The patterns were run with copper Ka1 and a monochromator (l = 1.5405 Å ) at 40 kV and 40 mA. The thermal gravimetric analysis (TGA) and its differential thermogravimetry (DTG) curves were recorded with a TA instrument apparatus model TGA-Q500 using a heating rate of 10 C min À1 under a nitrogen atmosphere. The average masses of the samples were 5 mg. The morphological properties of the new composites were analysed by a field-emission scanning electron microscope (FE-SEM) on a JEOL model JSM-7600F microscope. A Perkin Elmer inductively coupled plasma-optical emission spectrometer (ICP-OES), model Optima 4100 DV (USA), was used for the evaluation of metal ions. The ICP-OES instrument was optimized daily before evaluation. The ICP-OES spectrometer was used at the following parameters: FR power, 1300 kW; frequency, 27.12 MHz; demountable quartz torch, Ar/Ar/Ar; plasma gas (Ar) flow, 15.0 l min 
Results and discussion
Preparation of SMC/5-20 derivatives and their physical properties
The synthesis of b-ketosulfones is carried out in numerous ways. The most accessible and largely used synthetic route to synthesize b-ketosulfone derivatives is the alkylation of metallic aryl sulfinates with a-halo ketones. Therefore, 4-bromophenacyl bromide 1 reacts with the sodium salt of sulfinic acid 2 under reflux conditions to afford the corresponding b-ketosulfone derivative in good yield, as illustrated in Figure 1 . The structure of the synthesized b-ketosulfone derivative 3 was confirmed by elemental as well as spectroscopic data as given in the "Experiment" section.
The synthesis of SMC derivatives was carried out through the condensation of the freshly synthesized b-ketosulfone derivative 3 with chitosan in similar conditions. SMC/5-20 derivatives are mainly based on the variable loading of b-ketosulfone derivatives over the chitosan main chain. Hence, SMC/5-20 derivatives are prepared by stirring a mixture of chitosan and different weight percentage (5-20%) of p-bromo-b-ketosulfone in a mildly acidic aqueous solution at room temperature, as shown in Figure 2 .
A rotary evaporator was used to remove the solvent from the products. The final residues were exposed to oven drying. The prepared SMC/5-20 derivatives were characterized by multiple characterization techniques including FE-SEM, Fourier transform infrared spectroscopy (FT-IR), powder X-ray diffraction (PXRD), and thermal behaviour.
The FE-SEM images of pure chitosan host molecule, SMC/5 and SMC/15 derivatives as selected examples, are illustrated in Figure 3 (a) to (f). The addition of p-bromo-b-ketosulfone will interact with the polar group present in the chitosan polymer host materials, modifying its morphology. The chitosan has a sheet-like morphology, as indicated in Figure 3 the remaining organic molecule is accommodated on the surface of a polymer in the form of particles.
FT-IR spectra of the pure chitosan and SMC/5-20 derivatives are indicated in the inclusion of Figure 4 . The FT-IR spectrum of pure chitosan exhibits a peak at 3305 cm À1 for the asymmetric stretching vibration of the OH group, while an OH bend appears at 1550 cm The downshift of the carbonyl is due to the presence of conjugation of the carbonyl group to the aromatic moieties, which lengthens the bond, weakens the bond strength, and thus decreases the absorption energy. The FT-IR spectrum of p-bromo-b-ketosulfone is indicated in Figure 4 (b). The absorbance at 2953 cm À1 exhibited the presence of a C-H asymmetric stretching vibration. Similarly, the peak at 1100-1400 cm À1 is due to the presence of S = O cm À1 (sulfone group), and the S-O cm À1 vibrations appeared from 700 to 1000, as can clearly be observed in Figure 4(b) . In the region of 1000-1100 cm À1 , a C-O stretching vibration is observed as seen in the inset of Figure 4(b) . The FT-IR spectra of sulfonebased modified chitosan in the form of SMC/5-20 derivatives are given in Figure 4 (c) to (g). The entire peak showed an N-H stretch at approximately 3400 cm Generally, X-ray spectroscopy is considered as one of the most widely used techniques utilized in characterizing new materials of all forms. Furthermore, it is also a powerful supplementary tool to other characterization techniques used for structural identification and characterization (UV-Vis, FT-IR, 1 H, 13 C-NMR, and Raman spectroscopy) (Guo, 2009) . The PXRD data for pure chitosan and all SMC/5-20 derivatives are illustrated in Figure 5 (a) to (e) over the range of 2h = 10-80
. Figure 5 shows a broad and strong peak at 2h = 20
, which confirms the presence of polymeric material and the absence of metallic constituents. Furthermore, the organic molecules did not appear in the powdered XRD spectrum due to their amorphous nature, as depicted in the inset of Figure 5 (a) to (e). A PXRD diffractogram of chitosan shows a typical broad and amorphous peak in the range of 2h = 15-25 , with a peak maximum at approximately 2h = 20 , which indicates the amorphous pattern of chitosan as a reason for the highly disordered crystal structure; additionally, a minor hump at 2h = 38-42 with a peak maximum at approximately 2h = 40 (Islam et al., 2011; Kumar et al., 2009; Ogawa et al., 2004) , together with minor reflections at lower 2h values approximately 2h = 11 , is also considered as typical diffraction peaks of chitosan resulting from amorphous character (Bangyekan et al., 2006; Muzzarelli et al., 2004) . The SMC/5-20 phases also show similar strong, broad peaks together with minor reflections, which significantly shift to higher 2h values at 2h = 20.5-34 and 2h = 14.3 . These reflection peaks also indicate the lower degree of crystallinity. Such a broad peak also indicates the highly disordered structure of the crystalline morphology of these SMC/5-20 derivatives. The observed 2h shift can be considered as evidence for SMC/5-20 derivatives formation as an alternative compound to pure chitosan. The PXRD diffractograms of pbromo-b-ketosulfone derivatives also display strong interactions found between chitosan and its corresponding-b-ketosulfones, which have been confirmed by 2h shift. More particularly, the PXRD results for SMC/5-20 derivatives show a noticeable decrease in the crystallinity with increasing degree of cross-linking. This behaviour is attributed to the presence of a lower number of free NH 2 groups within the molecular structure, which decrease the intermolecular hydrogen bonding, reduce the packing of the macromolecular polymeric chains, and consequently decrease the crystallinity (De Vasconcelos et al., 2007) .
The thermal stabilities of the pure chitosan and its modified SMC/5-20 derivatives are scrutinized by their TGA and corresponding DTG, as illustrated in Figure 6 (a) and (b). The TGA thermograms are provided in Figure 6 (a), while the DTG curves are exhibited in Figure 6 (b). The essential thermal effect of chitosan and its cross-linked derivatives, as important modified polysaccharides, is mainly based on the molecular weight and the acetylation degree of the macromolecules. TGA curves of pure chitosan and its modified SMC/ 5-20 derivatives showed two important degradation steps over the thermal screening in the temperature range of 35-800 C. The degradation does not start before 200 C due to the moderate thermal stability of pure chitosan and its derivatives. Chitosan, with a polysaccharide backbone, carries hydrophilic groups (hydroxyl and/or amino groups); therefore, the aforementioned degradation transition step is attributed to the release of entrapped solvents, humidity, or attached moisture, which are readily released and vaporized by heating chitosan. This process is nearly complete at approximately 100 C. SMC/5-20 derivatives show identical behaviour with heating over similar conditions, with a slight increase in reactive solvent as a reason for the thermal treatment which is attributed to the higher stability of the chitosan matrix (Ray et al., 2010) . The second degradation step refers to the main decomposition step of both pure chitosan and its SMC/5-20 modified derivatives. Similar decomposition behaviour was observed over this step in all tested samples, although with a significantly lower temperature shift. Such degradation occurs over a temperature range of 250-350 and 200-300 C for pure chitosan and its modified derivatives, respectively. TGA curves also show that SMC/5-20 modified derivatives act as catalysts, which enhance and facilitate the decomposition of pure chitosan due to its degradation over lower temperatures than those of pure chitosan. The addition of organic components to the cellulose acetate polymer chains in the form of b-ketosulfone-modified chitosan derivatives readily decreases the Van der Waals force interaction between chitosan chains; this leads to increased chain packing (Park et al., 2006) , which is also confirmed from the FE-SEM images. The DTG curves of Figure 4(b) show the polymer decomposition temperature maximum (PDT max ) for pure chitosan and its modified SMC/5-20 derivatives, referring to the maximum temperature at which the decomposition occurs (Hussein et al., 2013 (Hussein et al., , 2012 . The PDT max value of pure chitosan is observed at 280.4 C; similarly, PDT max values for SMC/5-20 derivatives are nearly identical but shifted to lower temperatures over the range of 183. 8-188.7 C. DTG curves also indicate that the thermal stability of pure chitosan decreases with increasing the degree of modification from SMC/5 (PDT max value = 188.7 C) to SMC/20 (PDT max value = 183.8 C), an observation in agreement with the previously mentioned TG study. PDT max values for the SMC/10 derivative and SMC/15 derivative are 185.2 and 184.04 C, respectively.
Surface selectivity study
Chitosan has been extensively used, either alone or in combination with other materials, to remove diverse environmental pollutants and can be classified as one of the most remarkable eco-friendly materials (Farzana and Meenakshi, 2013; Viswanathan and Meenakshi, 2009 ) because of its superior adsorption properties. However, neat chitosan does not perform well as an adsorbent because of its high solubility in acidic solution and its weak chemical resistance (Du et al., 2014) . Chitosan forms gels below pH 5.5 and cannot be evaluated. Acid streaming could severely limit the use of chitosan as an adsorbent to remove dyes, metal ions, and any other waste materials because of chitosan's dissolution susceptibility in acid effluent. Therefore, SMC/5-20 derivatives are used as surface-selective adsorbents to extract toxic Hg(II) metal from aqueous solution. All prepared SMC/5-20 derivatives yielded significant adsorption efficiency when compared with pure chitosan. More particularly, the SMC/5 derivative exhibits the highest adsorption efficiency among all SMC/5-20 derivatives; thus, it is chosen as a surface selectivity study example in this work, as listed in Table 2 . The distribution coefficient selectivity of the SMC/5 derivative towards different metal ions was obtained. The distribution coefficient (K d ) is calculated using the following equation
where C o and C e are the initial and final concentrations before and after filtration with the adsorbent, respectively; V refers to the volume (ml); and m is the weight of the adsorbent (g). The distribution coefficient values for all metal ions investigated in this study are presented in Table 2 . As shown in Table 2 , SMC/5 shows the greatest distribution coefficient value (2.38 Â 10 6 ml g
À1
) towards Hg(II) among all metal ions. These results indicate that the selectivity of such a synthesized derivative towards Hg(II) is most preferable compared to other metal ions investigated in this study, as illustrated in Figure 7 .
Effect of pH. The occurrence of H þ ions in the solution plays a vital role in the extraction of metal ions from aqueous media by adsorption and affects the degree of ionization and species of adsorbate (Zhang et al., 2008) . Therefore, the effect of pH on the adsorption of Hg(II) by the newly synthesized SMC/5 derivative is investigated. A concentration of 2 mg l À1 Hg(II) is taken into account, and the effect of pH on the reaction is studied by changing the solution pH range from 1.0 to 11.0 with corresponding buffer solutions. All standard solutions are individually mixed with 20 mg SMC/5. Figure 8 shows the effect of solution pH on the extraction %; pH has a direct effect on the extraction process. The experiments were conducted using 20 mg SMC/5 at 25 C and under a range of pH values from 1.0 to 11.0. The results in Figure 8 show an increase followed by a subsequent decrease on the extraction % of Hg(II) with increasing pH values.
At pH 2.0, the highest % extraction of Hg(II) is reached (99.95), which indicated that the SMC/5 derivative is most selective towards Hg(II) at this pH value. The cause of the highest percentage of Hg(II) extraction and selectivity with SMC/5 at this pH value is explained by the electrostatic interaction between protonated sites, presented on carbonyl groups and amino groups of SMC/5 at pH 2.0, as well as negatively charged species (HgCl 4 -, the primary form of Hg(II) in HCl solution). Thus, Hg(II) is selectively removed from the matrix. According to the results, the optimum pH value of 2.0 is selected for the study of other parameters controlling the maximum uptake on the SMC/5 derivative under static conditions. Determination of adsorption capacity. The investigation of the uptake capacity of Hg(II) is determined by different amounts of Hg(II) individually mixed with 20 mg SMC/5 derivative at pH 2.0 under a batch procedure. From the adsorption isotherm study, the adsorption capacity of SMC/5 for Hg(II) is found to be 122.47 mg g
, as shown in Figure 9 , which is significantly higher than the previously reported adsorption capacity for Hg(II) with other chitosan-based compounds Genc¸et al., 2002 Kyzas and Deliyanni, 2013; Tabakci and Yilmaz, 2008; Yang et al., 1999) as adsorbents, as presented in Table 3 .
It can also be noticed from Figure 9 that there is a minimal decrease in the uptake capacity of the SMC/5 derivative for Hg(II) after saturation. Such an observation is displayed due to the saturation of the binding sites of SMC/5 with HgCl 4 À species, particularly at the highest concentration of Hg(II): 150 mg l
. Thus, an insignificant impact of concentration might be noted in the maximum uptake capacity of SMC derivatives for Hg(II) after this saturation process. The stability of the SMC/5 derivative has been verified over three cycles, yielding nearly the same adsorption capacity due to its excellent stability for reuse with complete efficiency.
Adsorption isotherm models. The study of adsorption isotherm models plays an important role in predicting the analysis of results. Isotherms can be described by both the Langmuir and Freundlich adsorption models (Ho and McKay, 1999; Mckay, 1984) . Experimental data are fitted well by the Langmuir equation, as illustrated in Figure 10 . The uniformity of non-interacting surface area sites is measured by the Langmuir isotherm model. The Langmuir classical adsorption isotherm is expressed as follows (Langmuir, 1917) where C e is the concentration of metal ion in solution at equilibrium (mg ml
) and q e represents the amount of metal ion per gram of the adsorbent at equilibrium (mg g À1 ).
The symbols Q o and b refer to the Langmuir constants for SMC/5 and are related to the maximum Hg(II) adsorption capacity (mg g
) and affinity parameter (l mg À1 ), respectively. Langmuir constants Q o and b can be calculated from a linear plot of C e /q e against C e with a slope and intercept equal to 1/Q o and 1/Q o b, respectively. Moreover, the essential characteristics of the Langmuir adsorption isotherm model can be obtained in terms of a dimensionless constant separation factor or equilibrium parameter, R L , which is defined as follows
where b is the Langmuir constant, which describes the adsorption nature and different isotherm shapes, and C o denotes the initial concentration of Hg(II). The value of R L indicates the adsorption isotherm nature, and values between 0 < R L < represent a favourable adsorption (Mckay et al., 1982) . A linear plot is obtained from the Langmuir isotherm equation based on the least-squares fit, confirming the validity of the Langmuir adsorption isotherm model for the adsorption process as given in Figure 10 . By examining the above results, a homogeneous SMC/5 surface is a monolayer during the adsorption process. Langmuir constants were calculated for Q o and b as 119.23 mg g À1 and 0.73 l mg
, respectively. The correlation coefficient (R 2 ) obtained from the Langmuir model is found to be 0.991 for adsorption of Hg(II) on SMC/5, indicating that the data could be fitted with the Langmuir model. The R L value of Hg(II) adsorption on SMC/5 is 0.011, which increases the chance of a highly favourable adsorption process based on the Langmuir model. In addition, the Hg(II) adsorption capacity (119.23 mg g À1 ) calculated from the Langmuir equation was in good agreement with that (122.47 mg g À1 ) experimentally obtained from the adsorption isotherm study. 
Conclusion
A new class of SMC derivatives has been synthesized in satisfactory yield by the interaction of chitosan with freshly prepared p-bromo-b-ketosulfone derivative in mildly acidic aqueous solution using a solution blending technique. SMC derivatives have been explored as surface-selective adsorbents for removal of toxic Hg(II) metal. SMC derivatives with the general formula SMC/5-20 are mainly dependent on variable loading of 2-bromo-4-bromoacetophenone (5, 10, 15, and 20%) with respect to the chitosan weight. A b-ketosulfone derivative has been freshly prepared and its chemical structure was confirmed by spectral analyses. The produced SMC/5-20 derivatives are identified and characterized using common characterization techniques. FE-SEM shows a significant change in the surface morphology as opposed to that of pure chitosan. FT-IR exhibits clear evidence for the formation of SMC/5-20 derivatives. PXRD shows obvious evidence for the strong interaction occurring between chitosan and its corresponding b-ketosulfones. SMC/5-20 derivatives also decrease the thermal stability of pure chitosan and act as catalysts for more rapid thermal degradation. Furthermore, inductively coupled plasma optical emission spectrometry has been utilized as an effective tool for the study of the surface selectivity of SMC/5-20 derivatives towards different metal ions. These ions include Hg(II), Pb(II), Ni(II), Al(III), Sr (II), Cr(III), Fe(III), Zn(II), and Mn(II). The SMC/5 derivative exhibits the highest adsorption efficiency, with the maximum quantity adsorbed at pH= 2. The adsorption capacity of SMC/5 for Hg(II) is 122.47 mg g À1 , and its adsorption isotherm is in agreement with the Langmuir adsorption isotherm.
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